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I.  INTRODUCTION. 
Orthosulphobenzoic  acid  was  first  prepared  by  Remsen 
and  Fahlberg  (1)  in  the  year  1879,  by  oxidizing  orthotoluene- 
sulphoneamide  by  potassium  permanganate  in  alkaline  solution. 
It  was  further  investigated  by  Remsen  and  Dohme   (2),  who  pre- 
pared a  large  nijmber  of  its  salts,  as  well  as  the  chloride  ob- 
tained by  the  action  of  phosphorus  pentachloride  on  the  acid 
ammonii-un  salt.-   They  obtained  crystals  of  the  chloride;  and 
from  its  ability  to  form  chloro-ethers  of  the  general  formula. 
Goo  R 


C  H< 


SO^  Gl, 

in  which  the  chlorine  could  be  easily  replaced  by  hydroxyl 

Goo  R 
foi'ming  an  acid  of  the  structure,  Q   H  <C        they  represent 

^  ^  SO  OH, 
ted  its  structure  by  the  formula, 

Go  Gl 

No  evidence  was  obtained  that  this  chloride  was  not  homogene- 
ous. - 

Remsen  and  Goates  (3),  in  1891,  studied  this  action  of  aniline 
on  the  chloride,  and  obtained  two  isomeric  anilides  quite  dif- 
ferent in  properties,  and  an  anil.   From  this  work  it  seemed 


(1)  American  Chemical  Journal  1,  433. 

(2)  Ibid,  11,  332. 

(3)  Ibid,  17,  311. 
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quite  evident  that  thei-e  were  two  isomeric  chlorides,  from 

which  the  anilides  were  derived. 

Later  Remsen  and  Kohler  (1)   obtained  one  of  these 

chlorides  pure,  in  crystalline  "^orm,  while  the  other  one  was  an 

oil,  always  containing  more  or  less  of  the  crystalline  variety. 

lit  was  further  shown  in  this  investigation  that  the  anil  and 

the  fusible  anilide  described  by  Remsen  and  Goates  (2) ,  were 

Co  Gl 
derivatives  of  t?ie  symmetrical  (or  solid)  chloride,   ^  ^Ix 

^  ^  So^Cl 
while  from  the  unsyininetrical  or  liquid  chloride,  for  which  the 

C  CI 
formula  C  H'C    ^0  had  been  proposed,  the  infusible  anilide, 

together  with  some  of  the  fusible  one,  was  obtained.-   The 

liquid  chloride  was  first  obtained  pure  by  Remsen  and  Saunders 

(3),  who  Obtained  it  as  thin  white  needles,  by  crystallizing  - 

from  petrol evim  ether,  b.  p.  80°,  at  low  temperatures.-   The 

melting  point  of  this  chloride  was  found  to  be  21. 5°-22.5°im- 

corr.,  that  of  the  solid  chloride  16^-17^   uncorr.- 

Mr.  S.  R.  McKee,  working  in  this  laboratory,  has 
recently  shown  that  both  anilides  are  formed  by  the  action  of 
aniline  on  the  pure  low  melting  (or  liquid)  chloride  in  ether 
solution. 

Remsen  and  Kohler's  work  showed  that  the  sti'ucture 


(1)  Am.  Ch.  Jour.  17,  330. 

(2)  Loc.  Git. 

(3)  Ibid,  17,  347. 


of  the   fusible  anilide   is   represented  by   the   forinula, 

GO   N   H   C.  H. 

SO^N   H  C^K^, 

and  that  of  the  anil  by  the  fonnula, 

CO 

The  evidence  for  these  formulae  is  as  follows :-- 

Orthotoluenesulphone  chloride  with  aniline  gives  a 

compound  of  the  structure 

C  H| 

S3,N  H  C^K^; 

on  oxidation  this  passes  over  to  the  acid, 

C60H 


SO.  N  H  G„  H^, 


which  with  phosphorus  pentachloride  goes  over  to  the  anil, which 

can  hardly  have  any  other  structure  than  that  indicated  by  the 

formxila 

CO 

Now  this  is  identical  in  every  particular  with  that  obtained 

from  the  solid  chloride,  and  when  boiled  with  aniline  it  goes 

over  into  the  anilide  derived  from  that  chloride,  which  there- 

CO.  N  K  C  H. 
fore  has  the  formula  C  h/ 

^  ^^SO.  N  K  G,  H^. 

It  follows  therefore  that,  in  all  probability,  this  chloride 


has  -l^wwrt  the  structure  indicated  by  the  formula 
.CO  CI 

^  *^sq,ci.- 

2- 
The  work  of  Remsen  and  Sa\inders  (1)   adduced  additional  evi- 
dence that  this  is  the  correct  formula  for  this  chloride. - 

When  concentrated  ammonia  is  shaken  with  the  mixed 
chlorides,  the  liquid  chloride  is  readily  decomposed,  the  solid 
chloride  being  but  slightly  attacked,   Mr.  A,  D.  Chambers  of 
this  laroratory,  found  that  the  product  formed  from  the  liquid 

chloride  was  ammonium  orthocyan-benzenesulphonate, 

C  N 

Mr.  McKee  has  found  that  the  pure  liquid  chloride  forms  the 

same  compound,  together  with  a  small  quantity  of  saccharine. 

It  is  difficult  to  \inderstand  the  formation  of  this  cyansulpho- 

nic  acid  under  these  conditions,  except  on  the  assumption  of 

the  formula 

C  CI 

for  the  liquid  chloride. 

If  this  be  the  correct  formula  for  this  chloride, 

the  formtQa  of  the  anilide  derived  from  it  follows,  and  should 

be  written  thus:--       C\ 

a  h/  \n  h  q  Hz-. 


SO^  0 


(1)  Loc.Clt. 


Remsen  and  Kohler  (1)   foiind  that  this  infusible  ani- 
lide  was  a  remarkably  stable  body  towards  reagents.    The  first 
evidence  obtained  which  indicated  that  there  had  not  been  a 
deep-seated  change  in  the  arrangement  of  the  constituent  ele- 
ments was  from  the  i-eacticn  between  it  and  benzoyl  chloride, 
by  which  benzanilide  was  formed. --The  other  products  of  this 
reaction  were  not  isolated. 

They  further  ascertained  that  this  anilide  was  acted 
on  by  phosphorus  oxychloride,  and  by  phosphorus  pentachloride, 
though  the  products  formed  were  not  studied. 

I  It  was  primarily  with  the  hope  of  being  able  to  clear 

j up  the  nature  of  these  reactions  that  this  investigation  was 
begxin.--   The  results  arrived  at  are  given  below.--   For  con- 
venience the  chlorides  are  spoken  of  as  solid  and  liquid  re- 
spectively, and  the  anilides  as  fusible  and  infusible. 


(1)  Loc.  Oit 


II.  PREPARATION  OF  N'.ATERIAL. 

As  the  method  now  in  use. devised  by  Mr.  S,  R.  McKee, 
differs  somewhat  from  that  heretofore  described  for  preparing 
the  chlorides,  it  is  given  in  detail.    The  dry  acid  potassi- 
um salt  prepared  from  commercial  saccharine,  is  mixed,  in  fine-|j 

ij 
ly  powdered  condition,  with  phosphorus  pentachloride,  in  the 

ratio  of  one  molecule  of  the  salt  to  two  and  a  half  molecules 

of  the  pentachloride.    After  the  action  has  ceased,  the  phos- 

I;  ' 

phorus  oxychloride  is  distilled  off  under  diminished  pressure, 

or  in  open  dish  on  the  water  bath.-   The  oily  residue  is  then 

ji 
washed  two  or  three  times  with  cold  water,  by  thoroughly  agi-   ' 

tating  the  mixture,  in  a  wide=mouthed  glass  cylinder,  with  a 

conveniently  bent  glass  rod.--   The  oily  chlorides,  as  free 

froM.  water  as  possible,  are  then  transferred  to  a  beaker, placed 

in  a  freezing-mixture,  and  constantly  stirred  till  the  oil  has 

[Solidified.   The  stirring  is  necessary  to  prevent  the  solidi-  u 

fying  mass  from  adhering  to  the  beaker.-   In  this  solid  condi-  j 
'  ll 

tion,  it  is  ground  fine  in  a  previously  cooled  mortar,  trans-  : 

ferred  to  a  filter,  and  washed  entirely  free  from  the  acids  of  ' 


-  6 


phosphorus  by  use  of  ice-vrater.- 

If  care  be  taken  to  avoid  contact  with  any  warm  body 
the  chlorides  may  be  pressed  almost  completely  dry  between 
folds  of  filter  paper. =   They  should  be  kept  in  a  dessicator 
till  required  for  use.- 

III.   THE  ACTION  OF  WATER  ON  THE  MIXED  CHLORIDES. 

Remsen  and  Saunders  (1)   found  that  both  chlorides 
were  decomposed  by  water,  forming  the  free  acid  together  with 
hydrochloric  acid,  but    noted  no  difference  in  the  rate  of 
decomposition  for  the  two  substances.-  To  test  this  point, 
2  grams  of  the  mixed  chlorides  were  placed  in  150^°  cold  water,! 
and  allowed  to  stand  at  the  temperature  of  the  room  for  17  days|i, 
being  thoroughly  shaken  from  day  to  day.-   The  insoluble  resi- 
due was  then  filtered  off,  washed  with  cold  water,  and  careful-, 
ly  dried.-    It  weighed  0.41  gram,  and,  without  crystallizing 
gave  a  melting  point  of  740~75°  uncorr,-  Hence  it  was  almost 
the  pure  solid  chloride. - 


(1)  Arn.  Chem,  Jour.  17,  350, 


IV.   THE  ACTION  OP  ANILINE  ON  THE  CHLORIDES. 

As  already  mentioned,  Remsen  and  Coates,  and  later 
Remsen  and  Kohler  also,  studied  the  action  of  aniline  on  the 
mixed  chlorides,  and  described  the  products  formed.--  Thinking  ' 
one  of  the  chlorides  might  be  more  readily  acted  on  than  the 
other,  the  following  experiments  were  made,  with  the  results 
named  below. - 

lst.-~To  a  weighed  quantity  of  the  chlorides  in  100^<2 
of  water  was  added  aniline  in  the  r-atio  of  one  molecule  anilinel 
to  one  of  the  chlorides.-   After  standing  for  24  hours,  with 
frequent  shaking,  crystals  of  each  of  the  two  anilides  were 
obtained  from  the  products  formed,  and  some  of  the  mixed  chlor- 
ides had  not  been  decomposed,-  Aniline  hydrochloride  w^as  also 
foiTned. 

2nd. --In  this  experiment  the  ratio  of  the  aniline  to  | 
the  chlorides  was  two  molecules  of  the  former  to  one  of  the  lat- 
ter, and  the  temperature  of  the  water  was  kept  at  ;^ero  for  the 
first  three  hours  after  mixing  the  compounds.-  Besides  ani- 
line hydrochloride, both  anilides  were  formed,  and  some  of  the  [ 
solid  chloride  was  still  unacted  on.-   But  from  the  experiment 
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with  water  and  the  chlorides,  above  described,  the  presence  of  ' 
the  solid  chloride  only  may  have  been  due  to  the  fact  that  the  '| 
liquid  chloride,  not  acted  on  by  the  aniline,  had  been  decora- 
posed  by  the  water,  as  the  products  formed  remained  in  the 
water  for  5  days  before  being  examined. - 

i' 
3rd. --The  chlorides  were  next  treated  with  aniline 

in  the  ratio  of  four  molecules  of  the  latter  to  one  of  the 
former,  but  ether  was  used  as  the  menstruum,  in  place  of  water. 
Much  heat  vyas  given  out  during  the  reaction,  the  ether  was  kept 
!cool  by  means  of  cold  water.-  The  products  fonned  were  the 
two  anil  ides  and  aniline  hydrochloride.   Chloroform  and  ben- 
zene were  tried  as  solvents  in  which  to  effect  the  reaction, 
the  relative  quantities  of  the  aniline  and  the  chlorides  being  | 
the  same  as  with  ether  as  the  solvent.-    In  each  case  the 
products  formed  were  the  same  as  v/hen  ether  was  used.- 

As  the  yield  seemed  better  when  these  solvents  were 

|l 
used  than  when  the  two  compounds  were  brought  together  in  emul-[ 

sion  in  water,  the  use  of  the  ethei"  was  adopted  for  preparing  j 

the  anilides  used  in  this  investigation. -   The  method  used  is 

given  in  detail;- 


Jl 


25  grams  of  the  mixed  chlorides  are  dissolved  in  ab 
solute  ether  in  a  500°*^  Erlenmeyer  flask^  38,9  grams  aniline, 
also  in  solution  in  absolute  ether,  are  added  slowly  to  the 
chlorides,  the  solution  being  constantly  stirred.    The  tem- 
perature of  the  solution  is  to  be  kept  down  by  placing  the 
flask  in  cold  water,-   A  white  precipitate  appears  as  soon  as 
any  aniline  is  added.   When  the  reaction  is  over,  the  ether 
distilled  off  on  the  water  bath,  but  this  does  not  proceed 
smoothly,  owing  to  the  insoluble  products  of  the  reaction.   To 
avoid  bumping,  the  flask  should  be  shaken  constantly  v/hile  the 
distillation  proceeds.   Even  then  bumping  is  not  entirely 
avoided, - 

The  yellowish-white  residue  contains  the  mixture  of  j 

tne  two  anilides  with  aniline  hydrochloride.   Sometimes  the 

i-esidue  has  an  oily  appearance,  ana  usually  contains  a  slight 

excess  of  aniline.   Cold  water  acidulated  with  hydrochloric 

acid  is  then  added,  the  residue  thoroughly  stirred,  ana  allowed 

to  stand  several  hours.    This  treatment  removes  the  aniline 

salts,  and  leaves  the  mixture  of  the  two  anilides.-    Some  of  , 

i 
the  infusible  anilide  will  be  dissolved  in  the  water  with  the 

salts  of  aniline,  hence  this  should  be  recovered  by  evapora- 


10 


I' 
II 

ting  the  water  to  a  small  voliome,  .vhen  the  anilide  will  crys- 
talize,  leaving  the  aniline  hydrochloride  in  solution.   This 
anilide  is  quite  frequently  colored,  but  may  be  purified  by 
boiling  with  animal  charcoal  in  dilute  alkaline  solution. - 

To  separate  the  two  anilides  the  following  method 
may  be  used;-   The  mixture  is  dissolved  in  hot  alcohol,  and 

this  solution  is  cooled  as  rapidly  as  possible  by  putting  the  ; 

! 

vessel  in  cold  water.    Under  these  conditions  the  fusible  ani-'i 
lide  crystallizes  Ma   thin  white  needles,  while  the  infusible 
variety  always  crystalizes  as  short  thick  prisms.    Hy  rota- 
ting the  vessel  the  fusible  anilide  will  be  disseminated       ij 
through  the  alcohol,  and  may  be  poiired  off  from  the  infusible  j| 
prisms  which  will  quickly  settle  to  the  bottom.- 

By  proceeding  as  above  described  there  is  usually 
formed  a  small  amo\int  of  the  anil,  and  sometimes  a  considerable'^ 
(luantity  of  it  appears.-    Since  this  is  insoluble  in  cold  di- 
lute  solution  of  sodium  hydroohlop-i^lo,  while  the  anilides  are 
soluble  in  that  reagent,  the  latter  may  be  readily  separated 
from  the  for-mer  by  that  means,-  ij 

If  the  molecule  of  alcohol  with  which  the  infusible   ' 
anilide  crystalizes  from  solution  in  alcohol  is  undesirable. 
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the  crystals  should  be  dissolved  in  dilute  solution  of  sodium 

hydrochloride,  and  the  solution  acidified,  when  the  iinilide 

li 
will  crystallize  out  without  water  or  alcohol  of  crystallization. 

V.  ACTION  OF  PHOSPHORUS  OXYChLORIDE. 

1.  On  the  Infusible  Anilide.-   Remsen  and  Kohler  (1)  j 
observed  that  phosphorus  oxychloride  acted  on  the  infusible 
anilide,  but  none  of  the  products  were  isolated. 

Since  phosphoi-us  oxychloride  attacks  rubber  or  cork  [ 
stoppers,  the  following  expedient  was  resorted  to:--  A  small   I 
condenser  was  fitted  over  the  neck  of  a  tubulated  retort. 
Such  an  apparatus  may  be  used  for  regular  distillation,  or 

where  a  return  condenser  is  desired,  as  was  the  case  in  this 

I, 

experiment.    The  infusible  anilide  is  then  boiled  with  an  ex- 
cess of  the  oxychloride,  until  all  the  anilide  is  dossolved. 
This  is  attended  by  liberation  of  hydrochlor'ic  acid,  and  the 

solution  becomes  quite  yellow.   When  the  reaction  is  complete,. 

ii 
the  excess  of  the    oxychloride  is  removed  by  distillation  un- 

ii 
der  diminished  pressure.    There  is  left  in  the  retort  a  light' 

brown  viscous  liquid.-  While  still  warm  the  retort  is  turned 

(1)  Am,  Chem,  Jour.  XVII,  343. 
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about,  80  that  this  residue  is  spread  over  as  much  surface  as  '\ 
possible.-   Water  is  then  added,  and  the  retort  set  aside  un- 
til the  brown  viscous  mass  has  disappeared.     There  remains 
an  insoluble  almost  white  matei'ial,  which  dissolves  in  hot  al-  j 
cohol,  forming  a  yellow  solution,    Afttr  repeated  crystalli-  I 
zation,  it  melts  sharply  at  189,5'^  uncorr.    An  analysis  of 
this  product  gave  the  following  results :-- 

I.   0.2002  gram  gave  0.4907  gram  GO  and 

0.078  gram  HO.  I, 

II.  0.2015  gram  gave  0.5020  gram  Ga  and  0.0795  gram  H^O. 
III.  0.2443  gram  gave  0.164  5  gram  Ba  SO  .  i 

IV.  0.1683  gram  gave  0.1132  gram  Ba  SO  , 

Galculated  for  Found, 

C^H^^Nj^  SO^    I     II       III       IV  V   VI   VII  |l 

C     68.22    68.07   67.95     ---      ---  ---   ---   --- 

H      4.20     4.33    4.39     -—      ---  ---   ---   ---  " 

I      S     9.59     ---     ---      9.24    9.25  ---  ---      ---  \ 

N     8.41     ---     -  =  -     ---  8.63  8.61   8.5;' 

The  combustions  were  made  by  the  lead  chromate  meth-  \ 
od,  as  described  by  Te  Roodts-d),  the  sulphur  determinations 


(1)  Am.  Ghem.  Jour.  XII,  226. 
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were  made  by  the  absolute  method,  excepting  the  last  one  given 
[(VII),  which  Mr,  £.  McKay,  in  this  laroratory,  kindly  made  for 
me  by  the  method  of  Kjeldahl.- 

Gonsiderable  difficulty  was  experineced  in  obtaining 
satisfactory  results  for  carbon,  although  the  appearance  and 
the  melting  point  of  the  compound  indicated  its  purity.   After- 
wards a  possible  explanation  was  found  in  the  fact  that  some 
of  the  anil  described  by  Remsen  and  Coates  (1) ,  was  found  to 
result  under  the  conditions  of  the  experiemnt.    Its  forTnation 
will  be  explained  below. - 

When  pure  this  compound  is  of  bri^jht  lemon-yellow 
color,  and  the  crystals  obtained  from  alcohol  are  beautifully 
formed  arborescent  pl;ites,  very  brittle.     It  is  only  sligiitly 
soluble  in  uther,'^  chloroform,  readily  soluble  in  benzene,  gla- 
cial acetic  acid,  and  acetone.-   When  crystalized  from  either 
of  the  last  two  solvents  named,  monoclinic  prisms  of  gx'eat 
brilliancy  are  obtained,  the  faces  developed  being  usually  ecP,  j; 
-cPo?,  o  P,  P,  and  2Poc.-  I 

2.  On  the  Fusible  Anilide.-   This  same  compound  is 
formed  by  the  action  of  phosphorus  oxychloride  on  the  fusible  il 
anilide,  the  details  of  the  experiment  being  the  same  as  with 

(1)  Am.  Chem.  Jour.  17,  321. 
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the  infusible  anilide,  given  above.    Some  anil  is  found  in 

this  case  also.- 

Efforts  to  get  a  crystal Ized  product  from  the  brown 

viscous  residue,   by  using  various  solvents,  were  unsuccessful. 

It  appears  that  this  residue  is  really  a  solution  of  the  yel- 

I! 
low  product  in  the  phosphoric  acid,  from  the  following  consid-  jl 

ei*ation:  =  -    To  a  small  amoiont  of  phosphoric  acid  prepared  by 
adding  very  little  water  to  phosphoric  anhydride,  was  added 
some  of  the  pure  yellow  product,  and  the  mixture  was  then 
heated.-   A  clear  solution  was  effected,  having  the  same  con- 
sistency and  color  as  the^ residue  obtained  above;   and  when 

water  was  added  to  this,  it  decomposed  in  much  the  same  way.-   | 

l| 
If  the  empirical  formula  arrived  at  by  analysis  of 

this  yellow  pr'oduct  be  compared  with  that  of   the  anilide  from 

which  it  is  derived,  the  equation,  i 

^/f   »/4  SO^  V  \   °  =  ^/f  ^^/^  ^°2.  \  .  ' 

shows  their  relation.    It  thus  appears  as  if  the  action  of 

the  oxychloride  is  one  of  dehydration. 

VI.  THE  ACTION  OF   PKOPHORUS  PlilNlTOXiDE.  ! 

I. 
1  .On  the  Infusible  Anilide.-    It  seemed  reasonable  to 


lo  - 


I 

expect  the  same  compound  to  result  if  either  of  the  aniliaeb 
Ishould  be  treated  with  a  strong  dehydrating  agent.    According- 
ly, some  infusible  anilide  \yas  mixed  with  phosphorus  pentoxide 
in  a  test-tiibe  and  then  heated  for  tv;o  hours  in  an  air-bath 
to  130°-150°,  the  test-tube  being  closed  by  a  Bunsen  valve. 
The  mass  had  become  slightly  yellow  in  colo>',When  cold,  water 
was  added   to  dissolve  the  phosphoric  acid  and  -inhydride,  and 
the  portion  insoluble  in  water  was  found  to  have  the  same 
ci'ystaUine  form,  when  deposited  from  alcohol,  and  ro   ruelt  at 
the  same  tempei*ature,as  the  product  from  the  other  experiments  ii 
already  described,  using  tht;  oxychloride  of  phosphorus. 

2.  On  the  JYisible  Anilide.-   If  the  fusible  anilide  j 
be  treated  with  phosphorLis  pentoxide,  as  Just  described,   the 
same  yello'v  compound  is  foi-med,- 

Neither  acetyl  chloride  nor  acetic  anliydride  effect  |l 

this  dehydration  of  the  anilide. - 

Hoogevfjrff  and  Van  Dorp  (1)  have  described  the  for- 

ii 
mation  of  some  ido~imides,  by  treating  dibasic  acid  derivatives' 

of  the  general  foi'mula,  i! 

.G  0  N  H  R 

K  |i 

C  0  0  H, 


(1)  Rec.  Trav.  Chim,   12,  12;  also  13,  93. 
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with  either  acetyl  chloride,  ov   phosphorus  oxychloride,  the 
reaction  with  the  I'ormei*  being  represented  by  the  equations, 

K^  n  n  !^  CH  CO  CI  "-   R^fn'^l^  ^K  GO  CI  = 
>  C  0  0  h     S  COO  H  ^  S 


R^  Vo   -fCH  COO  H -f-  H  Gl. 

CO^       "^ 
(Isoimides) 

with  the  oxychloride  the  :;i;isBXKiaxxi  reaction  would  be  analo- 
gous.-   In  all  cases  exc-,mined,  R  was  CH  ,   C  H.  ,  or  C.  H  CH  , 

—        s  %  ^  *>    6~     2. 

while  R  was  the  residue  of  camphoric,  and  phthalic  acids  re- 
spectively. Clearly  the  role  of  the  oxychloride  m  these  re- 
actions was  the  same  as  that  which  it  plays  in  the  reaction 

with  the  anil  ides.    Tiie  equation, 

CO  N  H  G,  K_^.-  C  -  N.  G^  H^_ 

3  C  h/  -f  P  0  01   --  3  C  H<  >  N,C  >^.  "^ 

*■  ^^SO  N  H  C  H,.-       -^  ^     ^  SO.     ^ 

H  P  C,  4  3  H  CI , 
3        ¥ 

then  represents  the  reaction  with  the  fusible  anilide.= 

3,  Structui'e  of  this  Compound.-  From  the  methods  of 

, fonnation  already  described,  especially  those  involving  the 

use  of  the  fusible  anilide,  the  formula  for  which  is  entireli' 

satisfactorily  represented  as  above,  it  naturally  follows 

that  the  formula, 

C=   N.  C^H^ 


-=  17  - 


correctly  represents  the  structure  of  the  compound.    It  thus 
.appears  to  be  a  di-anil  of  orthosulphoben^oic  acid, 

Jesurv.n  (1)  obtained  this  same  compou.nd  by  the  ac- 
tion of  aniline  on  orthocyanbenzenesul phone  chloride.    He 
thinks  the  first  product  formed  is  a  benzamidine-sulphanilide, 

C  }i/      % 

^    -^^SO  N  HCJ,  H^ 
1  k   S 

and  that  this  loses  ammonia,  forming  this  dianil,  to  which  he 
^ives  the  same  structural  formula  as  above  asBigned.- 

The  grouping  of  the  two  aniline  residues  in  this  di- 
anil is  the  same  as  that  given  by  AuschCitz  and  Beavis  (2)  for 

the  dichlormaleic-dianil,  the  formula  of  which  is, 

N.    G   H^ 

c.ci~  cf        ^  ^ 
"  )n.  g  f 

G,C1-    GO  " 

which   is   formed  by   the   action   of   aniline   on  dichlorraa' eic-anil- 
dichloriue, 

C    01.    C    Cl2_ 

«  >N    .    C    h^, 

C,      G1-C:0 

prepared  by  the  action  of  phosphorus  pentachloride  ob  succir  - 
anil  (3). 


(1)  Ber.  26,  2292 

(2)  Ber.  28,  58. 

(3)  Ann,  263,  156, 
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It  seems  reasonable  to  expect  the  foi*mation  of  the 
analogous  derivative^  of  the  anil  described  by  Remsen  and 
Coates.    Preliminary  experiments  have  been  made  with  this 
end  in  view,  but  as  yet  without  success.    The  matter-  is  still 
i.mder  investigation. - 

4.  Chemical  Properties  of  the  Di-anil.-  (a)  It  was 
mentioned  above  that  this  compound  may  be  crystal i^ed  froni 
glacial  acetic  acid.-   For  this  purpose  the   solution  must  not 
be  heated  longer  than  is  necessary  to  effect  solution.    If 
the  solution  be  boiled  for  two  or  thi-ee  hours  in  a  flask  con- 
nected with  a  reflux  condenser,  none  of  the  dianil  will  separ- 
ate on  cooling,  but  instead  there  v/ill  appear  slender  white 
needles.-    These  are  crystals  of  the  infusible  anilide.    The 

identity  v/as  establi«hed  by  the  melting  point,  crystalline  ford 

|i 
i' 
when  recrystallized  from  alcohol,  and  from  water,  ready  solu- 
bility in  dilute  cold  alkaline  bol^^tion,  from  which  the  charac 
tei'istic  granular  crystals  of  the  infusible  anilide  separate 
when  the  solution  is  acidified.   The  infusible  anilide  itself 
asEiames  the  acioalar  habit  if  crystallised  from  glacial  acetic 
acid.-   To  further  test  the  identity,  some  of  ttiese  needles 
were  treated  with  phosphorus  oxychloride,  and  the  dianil,  with 
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some  of  the  ox'dinary  anil,  was  obtained,  just  as  when  the  in- 
fusible anilide  vras  used,- 

I 

This  conversion  oi'  the  dianil  into  the  infusible 
anilide  is  accompanied  by  a  change  in  color  of  the  acetic  acid 
solution,  from  a  darker  to  a  much  lighter  shade  of  yellow. - 
This  reaction  is  represented  by  the  equation 

^  SO 

The  yield  is  quantitative. 

(b)  The  crystals  of  the  dianil  may  be  boiled  with  a 
watei'  solution  of  sodiurn  hydroxide,  either  dilute  or  sti'ong, 
without  being  affected  in  any  way.-  When  boiled  for  about  an 
hour  with  alcoholic  potash,  a  solution  of  the  dianil  is  effec- 
ted.   If  now  the  alcohol  be  evaporated  almost  completely, 
there  is  no  precipitate  formed  on  addition  of  water.   If,  how- 
ever, this  solution  be  acidified,  crystals  of  the  infusible 
anilide  separate  on  standing,  provided  the  solution  hb   suffi- 
ciently dilute.   If  the  solution  be  quite  concentrated,  the 
anilide  will  be  precipitated  at  once  by  the  acid. 

The  effect  of  boiling  the  dianil  with  alchoholic  potash 
16  to  induce  the  dianil  to  unite  with  the  elements  of  water, 
to  form  the  infusible  anilide.-    It  is  worthy  of  note  that 
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these  elements  arrange  themselves  in  the  more  stable  grouping  1 

of  the  infusible,  rather  than  the  fusible  anilide,  which  is 

less  stable. 

Cc)  ^Vhen  concentrated  hydrochloric  acid  is  added  to 

the  dianil,  thu  )C8ii«x  color  of  the  latter  changes  from  yellow  [ 

to  white.     If  the  acid  be  filtered  off  at  once,  and  the  resi-i 

due  washed  v/ith  cold  water,  the  yellow  color  reappears.   If, 

however,  the  dianil  be  boiled  with  the  acid  for  about  an  hour,  ll 

the  insoluble  residue  will  be  found  to  remain  white  after  re- 

moving  the  acid  completely,  and  when  crystallized  from  alcohol,!* 

lit  forms  slender  white  needles.    These  are  crystals  of  the 

anil  described  by  Remsen  and  Coates  (1).    In  the  hydrochloric  IJ 

acid  solution  is  somt;  aniline  hydx'ochloi'ide.    This  reaction   i 

may  be  represented  by  the  equation,  ' 

C  =  N.C.Iij- 
C  h/  y^. 0   K^  CO 

^  '^  SO,        4-   H   0-J-HCl  =  C,  H /   "S  N.  G  K  +G  H  NH.  hCl. 

It  was  mentioned  above  that  some  of  this  anil  was  always  formed 
during  the  action  of  phosphorus  oxychloride  on  the  anil ides. 
In  the  light  of  the  above  reaction,  its  presence  is  explained,-! 
being  a  secondary  reaction  betv/een  the  dianil  and  the  hydro- 
chloric acid  liberated  during  the  reaction.  il 


(1)  Loc.  Cit. 


VII. -ACTION  CF  PHOSPHORUS  PENTAGHLORIDE  ON  TiiE  INFUSIBLE 

ANILIDE." 

When  the  infusible  anilide  is  added  slowly  to  a 
heated  solution  of  phosphorus  pentachloride  an  chlorolonn,  re 
action  sets  in  at  once,  and  generally  the  solution  changes  to 
a  light  yellow  m  color.   Usually  about  twice  us   much  penta- 
chloride as  of  the  anilide  is  necessary  to  effect  complete  so 
lution  of  the  latter*.-    In  the  first  experiment  tried,  2.5 
grams  of  the  pentachloride  were  used  to  one  gram  of  the  anilida 
and  the  heating  was  continued  only  as  long  as  was  necessary  to 
effect  complete  solution  of  the  anilide.-   On  cooling,  radia- 
ting tufts  of  fine  whiteneedles  separated,  completely  filling 
the  liquid.-   More  chloroform  was  added,  and  heat  applied  till 
all  the  needles  irere   dissolved,-   But  the  needles  did  not  sep-  j 
arate  again,  even  when  almost  all  the  chloroform  had  evaporated! 
The  last  traces  of  chloroform  were  then  driven  off  by  heating 

gently  for  some  time,  and  the  yellow  viscous  resiaue  was  treat- 

i 
ed  as  the  brown  residue  from  the  oxychloride  experiment  (p. -12} 

Some  of  the  ani]  v/as  found  present,  though  the  chief  product 

was  the  yellow  dianil.-   The  final  products  of  this  reaction  il 
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are  the  same  as  those  formed  by  the  action  of  phosphorus  oxy- 
chloride  on  the  infusible  aniliae.= 

This  experiment  was  repeated  under  the  same 
condition  as  before,  and  under  variee  conditions,  though  always 
vr'ithout  obtaining  those  fine  white  needles.    The  final  pro- 
ducts v/ere  the  same  each  time. 

From  the  results  of  the  experiments  it  will  readily 
be  seen  that  it  is  possible  to  pass  from  the  fusible  anilide 
to  the  infusible  anilide,  by  passing  first  to  the  yellow  di- 
anil,  and  then,  boiling  this  with  glacial  acetic  acid,  or  al- 
coholic solution  of  potassivim  hydroxide,  to  the  infusible 
anilide. 

Again,  from  this  dianil  one  may  obtain  the  anilj 
by  boiling  v/ith  concentrated  hydrochloric  acid.    And  since 
the  anil,  v/hen  boiled  with  aniline,  passes  over  to  the  fusible 
anilide,  it  is  therefore  possible  to  pass  m  the  opposite  di- 
rection, -from  the  infusible  to  the  fusible. 

VIII. -THE  ACTION  OF  BENZOYL  CHLORIDE  ON  THE  INFUSIBLE  ANILIDE. r 

Five  grams  infusible  anilide  v;ere  boiled  with  an  ex- 
cess of  ben25oyl  chloride  until  it  had  dissolved.   The  excess 
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of  the  benzoyl  chloride  was  removed  as  completely  as  possible 
by  distillation  under  diminished  pressure,  and  the  residue 
boiled  with  water.    Aftei*  this  water  had  become  cold,  and 
without  separating  it  from  the  insoluble  residue,  sodium  car- 
bonate was  added  to  alkaline  reaction,  and  the  vessel  was  heat 
ed  gently  on  the  water-bath  to  about  60°  C-    This  solution 
was  then  poured  off  from  the  undissolved  residue,  and  acidified, 
when  benzoic  acid  was  precipitated, - 

The  residue  insoluble  in  sodium  carbonate  solution 
was  then  dissolved  in  alcohol,  and  boiled  with  animal  charcoal.! 
From  this  solvition  separated  plates  of  a  dirty-yellow  color,    I 
but  which^when  purified  by  repeated  recrystallization  became 
white,  and  assumed  the  acicular  habit,  melting  sharply  at 
190.5°  uncorr.    They  proved  to  be  the  anil.- 

The  mother  liquor  from  the  above  was  then  evaporated 
to  dryness,  and  the  residue  boiled  with  about  750  c.c.  water, 
and  this  water  while  still  hot  was  siphoned  from  the  part  in- 
soluble in  the  water*,  which  had  melted  to  a  brown  oil.    By 
repeatedly  boiling  this  residue  with  water,  almost  all  of  it 
was  finally  dissolved. 

From  this  water,  on  cooling,  a  white  precipitate  was 


deposited.-  When  crystallized  from  alcohol,  this  forms  small 
globular  shaped  tufts  of  white  needles,  but  these  have  not  yet 
been  identified,  partly  from  lack  of  material,  partly  from  lack} 
of  time. 

Prom  the  water  filtrate  from  this  vfhite   precipitate, 
after  eveporating  to  a  very  small  voliune,  a  small  quantity  of 
l|benzanilide  was  obtained,  which  was  identified  by  its  melting 
point,  crystal  form,  and  by  comparison  with  a  specimen  of  benZ' 

l|anilide.=   The  equation, 

N  H  C^H^. 
CC  N  H  C  H  CO 

Z  2- 

represents the  reaction  as  far  as  yet  understood, - 

A  second  experiment  gave  the  same  results  as  the  one 

I  just  described,-   No  trace  of  the  pi'oduct  mentioned  by  Remsen 

li  I 

and  Kohler  (1),  as  giving  rise  to  the  infusible  anilide  on  ad-  i 

I 
dition  of  aniline,  was  obtained  in  either  case,-  It  is  possi- 
ble that  this  prodxiot  might  be  isolated  by  keeping  the  tempera-^ 
ture  as  low  as  possible  in  order  to  effect  the  reaction. 

STRUCTURE  OF  THE   INFUSIBLE  ANILIDE. 

From  the  results  obtained  in  this  investigation,  it 


(1)   Am.  Chem.  Jour.  17,  342. 


-  2^.  - 


lis  clear  that  the  tv:o  aniline  residues  are  intact  in  the  infusi- 
ble anilide.    This  fact,  together  with  the  further  fact  that 

-ide  ■  , 

this  anil   is  derived  only  from  the  liquid^  or   linsyirj-netrical 

chloride,  by  the  action  of  aniline,  leaves  but  little  if  anyv 
doubt  that  the  str-ucture  of  this  anilide  is  correctly  repre- 
sented by  the  formula, 

% 

first  proposed  by  Remsen  and  Goates.-(l) 


IX.-   CONCLUSION. 

The  results  arrives  at  in  this  investigation  may  be 
briefly  svuiunarized  as  follows:- 

1.  V/ater  decomposes  the  liquid  chloride  more  readily 
than  the  solid  chloride. 

2.  Orthosulphobenzodianil ,  having  the  structure  rep- 


resented by  the  formula,   /N.C  H. 


i"/>^-'4^^ 


'  'SO^ 

is  obtained  by  the  action  of  phosphorus  oxychloride,  or  phos- 
phoric anhydride  on  either  anilide,  and  by  the  action  of  phos- 


(l)Am.  Chem.  Jour.  17,  320. 


Mhortis  pentachloride  on  the  infusible  anilide. 

3.  The  infusible  anilide  is  re-fonned  I'rom  this  di- 
anil  on  boiling  with  glacial  acetic  acid,  or  with  alcoholic 
potash. 

4.  The  anil  of  the  orthosulphobenzoic  acid  is  ob- 
tained by  boiling  this  dianil  with  concentrated  hydrochloric 
acid, 

5.  Benzoyl  chloride  acts  on  the  infusible  anilide, 
forming  benzanilide  and  the  anil  of  orthosulphobenzoic  acid.- 

6.  The  two  aniline  residues  are  intact  in  the  in- 
fusible anilide,  and  this  anilide  has  the  structure  represen- 
ted by  the  formula, 


N  H  G,  H^. 


''i\<.y° 


C  <v  N  H  C.  H 


'°z 
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